In this research, we strictly conducted experiments to clarify these factors aiming at obtaining findings about the relation between the wave energy and volume of an overtopping wave, and the characteristics of water fed by the water-level difference between the inside and around the tank, which varies depending on the volume of the overtopping wave. As a result, volume of overtopping was able to be formulized with the wave energy of the irregular wave.
INTRODUCTION
In the future, it will be necessary to research and develop renewable energies, not fossil fuels. Among renewable energies, sunlight, wind force, biomass, and geothermal energy have been put in practical use technologically, becoming commercial power sources. However, ocean energies except tidal power generation are currently at the stage of research and development. Wave-power generation is roughly classified into eight types based on the method to convert wave energy to electric energy (EMEC). The type developed by the authors belongs to the overtopping wave type (Tanaka et al., 2013) . As shown in Fig. 1 , by letting waves run up along the slope, wave energy is converted into potential energy, the water level becomes different between the experimental water tank and peripheral sea area, and flow energy is generated. The principle of overtopping-type wave-power generation is generating power by utilizing the torque received by the propeller to convert the energy using a power generator. It is assumed that this overtopping-type wave-power generator is not to be installed offshore but installed in front of offshore breakwaters and around offshore structures which receive incident waves directly. To develop the overtopping-type wave-power generator, the most important factor is to determine the volume of overtopping waves (hereafter simply called overtopping volume). Therefore, it is important to obtain findings about making waves overtop the structure efficiently under the wave conditions such as wave height or period, and about water feeding from the bottom of the tank (drain into the sea area). It is necessary for designing an overtopping-type wave-power generator to clarify the overtopping volume and the characteristics of water feeding. In this research, we strictly conducted experiments to clarify these factors.
OVERTOPPING VOLUME OF A SINGLE TANK

Experimental devices and methods
The experiment of overtopping volume was conducted in the water tank (22.0×23.0×1.2 m) installed in the Tokai University at School of Marine Science and Technology by installing an experimental water tank (2.0×1.0×0.8 m) (Fig. 2) . The model has a reduction scale of =1/10. A discharge pipe of 200 mm is mounted to the bottom of the experimental water tank. A large submersible pump was installed in the experimental water tank to feed the overtopping volume into a water storage tank. This made it possible to obtain enough data even in an experimental case of large wave height, so we obtained more precise overtopping volume measurements. The experimental condition was expected based on the annual average wave height and period at the observatory in the Omaezaki area in Shizuoka Prefecture as shown in Table 1 , which was issued by NOWPHAS (2004) . When overtopping water made the experimental water tank full within 120 seconds, overtopping volume was calculated based on the change of water level in the water storage tank. When it did not do so, overtopping volume was calculated based on the change of water level in the experimental water tank. In addition, the overtopping volume was calculated by utilizing the readings of the wave height meter installed in the experimental water tank and the water storage tank. The angle of gradient ( ) of the slope (2.0 × 2.0 m) was fixed at 20 degrees. This is based on an experimental result that both the run-up height of waves
